Hemolysis is the most common reason why coagulation test samples are rejected. However, the effects of hemolysis on plasma prothrombin time (PPT) and activated partial thromboplastin time (APTT) are rarely investigated and the results are controversial. This research aims to analyze the effects of hemolysis on PPT and APPT using the photo-optical method.
Introduction
Plasma prothrombin time (PPT) and activated partial thromboplastin time (APTT) are coagulation tests routinely performed in laboratories to evaluate the function of the coagulation system. The PPT test measures the extrinsic pathway, while APTT measures the intrinsic pathway activities. Both coagulation function tests are affected by preanalytical factors such as the venipuncture process, the dose of citrate anticoagulant, sample transportation, processing, and storing. The interference of hemolysis, icterus, and lipemia are the main problems in coagulation tests that use photooptical detection methods. Errors in preanalytical and analytical phases may interfere with the reliability of results. [1] [2] [3] [4] [5] There are 2 main methods of coagulation measurements, namely the photo-optical method and mechanical method. The optical method detects clot formation through changes in optical density (OD) of the sample. Mechanical clot technology detects clot formation by monitoring the movement of a steel ball inside the test sample using a magnetic sensor. [6] Hemolyzed blood samples will cause spectral interference in photo-optical method instruments; therefore, this is the most common reason why coagulation tests are rejected. According to the Clinical and Laboratory Standard Institute (CLSI), blood samples that show apparent hemolysis may undergo premature coagulation activity and also disrupt the clot detection by the optical instruments. [3, 5] The rejection of hemolyzed blood samples has become a policy that is applied in most laboratories, hence studies on the effect of hemolysis on coagulation tests have been rare and the results are still controversial. The consequence of hemolyzed blood sample rejection is repeat blood sample collection that causes additional discomfort to patients, delayed test results, and increased laboratory operating costs. [7] Laga et al [8] in their study explained their findings that PPT and APTT between hemolyzed and nonhemolyzed blood samples did not differ significantly. Arora et al [7] argued that hemolyzed blood samples could be processed for coagulation tests because there was no significant difference between hemolyzed and nonhemolyzed blood samples.
The effect of free hemoglobin produced by hemolysis can result in analytical and biological changes. High absorbance will be caused by cell-free hemoglobin from hemolysis at wavelengths used by photo-optical method instruments. Release of cytoplasmic and plasma membrane molecules (e.g., tissue factor, proteases, phospholipids, and adenosine diphosphate) can spuriously activate blood coagulation and platelets. [4] The CLSI guidelines for PPT and APTT testing states: "Samples with visible hemolysis should not be used because of possible clotting factor activation and interference with endpoint measurement." [9] The Sysmex CS-2100i is a coagulometer that uses the photooptical method. It minimizes pre-analytical errors by using multiwavelength scanning and sample liquid-sensing technologies. By using smartly designed PSI technology, the analyzers provide extra operator support; they identify and automatically manage potentially problematic test samples before analysis. [10] According to Tantanate et al, [11] Sysmex CS-2100i (Siemens, Kobe, Japan) is capable of performing good analysis on samples with interference from hemolysis, icterus, and lipemia. The aims of this study were to determine the effect of hemolysis on PPT and APTT tests and to find the plasma hemoglobin cut-off point that could affect the test results. This study may help to reevaluate the policy of rejecting hemolyzed blood samples for coagulation testing.
Methods

Study samples
This study was conducted between November 2014 and February 2015 in the Clinical Pathology Laboratory of the Dr Soetomo General Hospital in Surabaya, Indonesia. The total number of samples was 30 blood samples, which were taken from remaining citrate blood plasma of patients who had been examined for PPT and APTT as part of routine examinations. The inclusion criteria were nonhemolyzed blood samples that had apparently clear plasma, normal PPT and APTT test results, and no icteric and lipemic plasma that could have interfered with the results. Ethical approval was not required because this research had no interaction with the patient and the goal was to create a local laboratory policy on rejection of hemolyzed samples. Informed consent was not required because this research used the remaining samples of patients who were already the subjects of PPT and APTT assays. Age, sex, and patient diagnosis data were recorded from the job list form.
Methods
This study was an experimental laboratory research project with pre-test and post-test design. The data of PPT and APTT patients who fulfilled inclusion criteria were recorded as baseline data. The remaining samples were then mechanically lyzed by inserting blood into a 3 mL disposable syringe fitted with a 23G needle and then vigorously expelled 2 to 3 times. This procedure resulted in lysis of erythrocytes and measured plasma hemoglobin of <0.8 g/ dL. The blood samples next underwent further lysis by expelling with stronger pressure for a total of 4 to 5 times. This resulted in measured plasma hemoglobin of ≥0.8 g/dL. This procedure is a modification of the method proposed by Arora et al [7] and was chosen because the most common cause of hemolysis is mechanical factors occurring during the venipuncture or transportation processes. Determination of plasma hemoglobin was with reference to a level of 0.8 g/dL because this is the limiting level of plasma hemoglobin that will influence the result of APTT according to the Sysmex CS-2100i application sheet. [12] To examine the plasma hemoglobin, lyzed blood samples were centrifuged at 300 rpm for 15 minutes, and then the supernatant was examined for hemoglobin plasma level using a Sysmex XN-1000 (Siemens) hematology analyzer.
Samples were separated according to plasma hemoglobin level. Samples with plasma hemoglobin level <0.8 g/dL belonged to group 1 (n = 30) and samples with plasma hemoglobin level ≥0.8 g/dL belonged to group 2 (n = 30). Both groups were then reexamined for PPT and APTT after hemolysis. All examinations were performed no later than 2 hours after phlebotomy to maintain the stability of coagulation factors. Examinations were performed by the photo optical method using a Sysmex CS-2100i (Siemens) instrument. The reagents used were Dade Actin FSL Activated PTT for APTT and Dade Innovin for PPT. The normal value for PPT was 9 to 12 seconds and APTT was 23 to 33 seconds. The examination of plasma hemoglobin level was performed using Sysmex XN-1000 (Siemen) hematology analyzer. Quality control of this instrument was performed twice a day, in the morning and afternoon, using a plasma control from Sysmex and then once a day with pooled normal plasma.
Statistical analysis
All statistical analyses were performed using IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp. The difference between PPT and APTT values between and within groups was tested with repeated-measures analysis of variance (ANOVA) or Friedman measurements with post hoc tests depending on data distribution. The Shapiro Wilk test was applied to test the data normality. The effect of plasma hemoglobin level on PPT and APTT was analyzed with a linear regression test. The descriptive data were presented as mean± SD. The receiver operating characteristic (ROC) analysis was applied to evaluate the sensitivity and specificity of plasma hemoglobin levels that could affect PPT and APTT examinations using a confidence interval of 95%. The value of P < .05 was considered as statistically significant.
Results
The age, sex, and diagnosis of the sample subjects are summarized in Table 1 . The age of the patients ranged between 2.6 and 68 years. The diagnoses were variable. However, this did not affect the PPT and APTT value. The mean ± SD of baseline PPT and APTT assays were in the normal range of 10.54 ± 0.67 for PPT and 28.44 ± 2.54 for APTT ( Table 2 ). All groups of PPT and APTT were within normal distribution, so the data were analyzed with repeated-measures ANOVA test. The result of repeated-measures ANOVA test for either PPT or APTT was significant with P < .001 for comparison between the groups.
For PPT assays test, the difference of each group was significant except PPT between group 2 and baseline (P = .14). The PPT of group 1 had a significantly shorter time than the baseline (P = .002) and group 2 (P = .000). For APTT assays, group 1 had a significantly shorter APPT than the baseline (P = .000), as did group 2 (P = .000).
In addition, group 2 demonstrated significantly shorter times than group 1 (P = .003). The mean± SD and significance of PPT and APTT results are summarized in Tables 2 and 3 .
Linear regression was performed to test the effect of hemolysis on PPT and APTT assays. Therefore, we included all samples in group 1 and 2 to be analyzed. The result for PPT was not significant, R = 0.294; P = .06. While result for APTT was significant, R = 0.245; P = .02. The scatter of curve and regression equations is shown in Fig. 1 . In the ROC curve, the cut-off value for hemolyzed samples to affect PPT examination was a plasma hemoglobin level of 1.55 g/dL with a sensitivity of 100% and a specificity of 87.9%, while for APTT, the plasma hemoglobin should be 0.95 g/dL with a sensitivity of 75% and a specificity of 62.5%. ROC curves for PPT and APTT are shown in Fig. 2. 
Discussion
Hemolysis causes the release of hemoglobin and internal components of erythrocyte membranes into the plasma. Generally, hemolysis is caused by biochemical, physical, and immunologic mechanisms. In vitro, hemolysis usually happens due to errors in collecting and handling of samples. [13] The prevalence of hemolysis is quite high in laboratory practices and is considered the most common reason for sample rejection in coagulation testing. [3, 5] The CLSI recommends not testing the lyzed samples. [9] However, this policy is not supported by the results of some studies. [7, 8] The results of this study revealed that most comparison of groups have a statistically significant difference except PPT comparison of group 2 and baseline. However there was a poor positive correlation between plasma hemoglobin level, PPT, and APPT, this effect being insignificant for PPT. This result agreed with the findings of Laga et al [8] and Arora et al, [7] which clarified that the difference in PPT values between nonhemolyzed and hemolyzed samples from healthy volunteers in which mechanically induced hemolysis performed in vitro was insignificant, even when there was a statistical difference found in patient-subjects, the absolute difference between samples is incredibly small, and was not clinically significant. This assumption is safe if the patient's value is still in the normal range; however, it will be unsafe for patients with values at the upper or lower limits, because these values may have clinically significant implications.
The increased level of plasma hemoglobin causes a shortening of APTT. Some research showed different results for APTT values between nonhemolyzed and hemolyzed samples, which still cannot be explained clearly. This study was identical with the result from Lippi et al [13] in which APTT became shortened in hemolyzed samples from patients with a normal baseline for APTT. Laga et al [8] and Arora et al [7] discovered a shortening of APTT in hemolyzed samples from patient-subjects with normal baseline APTT and a lengthening of APTT in hemolyzed samples from healthy volunteers using photo-optical instruments.
The APTT shortening mechanism in hemolyzed samples has not been ascertained yet. It is presumably caused by the release of phospholipids from erythrocytes and intracellular substances from leukocytes and platelets that can activate the coagulation cascade. [5, 14] Other literature mentioned that the activation of the coagulation cascade will set off the shortening of PPT and the decreased levels of fibrinogen, whereas APTT can lengthen or shorten depending on whether there is activation or a loss of fibrinogen. [3] Hemolyzed samples that were immediately examined might have experienced an activation of coagulation, so that the APTT results were shortened. Meanwhile, the hemolyzed samples that were left for some time would have experienced a continuous activation, so that the fibrinogen and the coagulation factors were consumed more and this led to the lengthened APTT results. Testing of hemolyzed samples in this research was carried out as soon as the in vitro induction and all other procedures had been performed, and within 2 hours of phlebotomy. The reason for APTT shortening in patient-subjects and APTT lengthening of healthy volunteers in a previous research was also linked to the low levels of factor VIIa in healthy subjects compared with patient subjects. [8] Hernaningsih com This study showed that the mean difference of APTT shortening was not more than 3 seconds between the groups with shorter times for hemolyzed samples. However, these were still in the normal range for APTT values (23-33 seconds). It indicated that the APTT shortening due to hemolysis most likely would not change the results of the interpretation. APTT shortening in hemolyzed samples from patient-subjects (Arora et al [7] and Laga et al [8] ) was statistically significant; however, it gave rise to a very small absolute difference between samples, so it was still not clinically significant, whereas APTT lengthening from healthy volunteers was statistically insignificant. The hemolysis effects of shortened APTT but lengthened PPT in this particular research were still difficult to explain because no coagulation factor assay was conducted.
The study of Woolley et al [15] about the effect of hemolysis on PPT and APTT used an instrument with mechanical detection technology, namely a STA-Compact-Max analyzer with different reagents from Diagnostica Stago, Inc. (Asni eres sur Seine, France). This work indicated no significant difference between hemolyzed and nonhemolyzed sample groups in all reagents. In contrast, APTT showed statistically significant shortening in hemolyzed versus nonhemolyzed samples with 2 of 3 test reagents. However, this difference in 1 of 2 reagents was not clinically significant. No correlation was observed between the level of hemolysis and the resulting variation for all assays whatever the reagent used. [15] This result supported the proposal that instruments using photo-optical detection with multiple wavelength methods can overcome the spectral interference that has become a limitation of the photo-optical method to date.
Plasma hemoglobin levels that are capable of affecting PPT and APTT were also observed in this study. According to the literature, Sysmex CS-2100i provides quite good performance on hemolyzed samples and is not affected at plasma hemoglobin level below 0.5 g/dL for PPT and 0.8 g/dL for APTT. [12] Statistical analysis showed that the level of plasma hemoglobin that could affect PPT was ≥1.55 g/dL with a 100% sensitivity and 89.7% specificity, and for APTT was ≥0.95 g/dL with a 75% sensitivity and 62.5% specificity. Plasma hemoglobin at levels ≥0.8 g/dL could affect PPT with a 100% sensitivity and 36.2% specificity, and could affect APTT with a 75% sensitivity and 53.6% specificity. Laga et al [8] stated that PPT and APTT were not affected by hemolysis below plasma hemoglobin levels of 0.64 ± 0.33 g/dL. Visually obvious hemolysis was noticeable if the plasma hemoglobin level was > 0.3 g/dL. [8, 13, 16] A hemolysis color chart was used in several studies to visually estimate the levels of plasma hemoglobin. [8, 17, 18] The CLSI's policy to reject all visually obvious hemolytic samples for PPT and APTT tests needs to be reconsidered.
The limitation of this study was the effects of hemolysis on samples with lengthened baselines of PPT and APTT from patients with oral anticoagulant therapy. This aspect was not examined. However, previous studies concluded that samples with marked hemolysis from patients using anticoagulant therapy could be used for PPT analysis performed either by automatic optical or electromechanical instruments. [8, 19] Furthermore, this study did not perform coagulation factor assays, so it was not possible to show which intrinsic or extrinsic coagulation pathways were affected by hemolysis. The lysis mechanism of the samples was performed mechanically because it is more similar to daily practices where in vitro hemolysis is commonly caused by mechanical factors. [7, 20] However, the mechanical lysis carried out may result in variable tissue factor release, and this has an effect on the shortening or lengthening of PPT and APTT.
Conclusion
Not all samples with hemolysis should be rejected for PPT and/or APTT tests by photo-optical methods. The policy rejecting all Figure 1 . Regression linear curve of plasma hemoglobin level effects on (A) PPT with R = 0.294; P = .06; and (B) APTT with R = 0.245; P = .02. Hernaningsih and Akualing Medicine (2017) 96:38 Medicine samples showing hemolysis needs to be reconsidered because the process of taking new samples is time-consuming and causes additional laboratory operating costs as well as patient discomfort.
Further research with a larger sample size is needed and it is advised to perform further coagulation factor assays in order to examine which coagulation factors decrease due to hemolysis, so as to determine the effect on PPT and APTT. Figure 2 . ROC curves analysis of plasma hemoglobin level that could affect (A) PPT; at a cut-off plasma hemoglobin level of 1.55 g/dL, the optimum level was achieved in 100% sensitivity and 89.7% specificity; and (B) APTT, at a cut-off plasma hemoglobin level of 0.95 g/dL, the optimum level was achieved in 75% sensitivity and 62.5% specificity.
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